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RT-169549
]
SUMMARY OF TESTS
Resistances at 25°C, Unit 5
Serial No. ' % 6638288.
~ Armature, line-neutral 0127
Field 11463
‘Short Circuit Ratio, 1.210 ; -
“ Losses and Efficié‘nrcy TR . o : -
Sl P R Sl 1.5 100 75 5. - o
' - Friction and Windage ® -~ 186~ 186 186 186 186 B3 -
Core Loss”™ - 2 SB . 367 367 367 367' s e :
b= Stray load loss =~ . . 231 163 90 ooz B0 28R i, oo s
T e ; 'Armatura IZR e e e b 1204 TR i
B Fiald I°R e, e 1,0 PR 112 98.5 78, 64.3. T b9k SR
ng v 70,9 PF 194 164 1993 0N R
Total Losses 1.0 PF 1159 1013.5  832.9 717.5 _‘éié,é ;ijf;Tffff_-
i ; _ 2 _059 PF‘ 12&1 1079 ; 877,,1 7@,4 655:2
Y Eeficieey, Tosk [ i i.1s0 FF.98.02 98,01 97,82 97,207 19505 S
re e L0t o=l FEE0,9 PR 97.667 97,6677 . 97.46 96, 79"' 9o 50"';;——‘
Efficiency,cuai-aﬁt‘e_ed 1.0 PF 97.557.97.557  97.357 96.607 94.357
= Bl -O.Q_PF 97.207 97.207 97.00° 96, aa 93. 75_4_d;_
SO Talnphone Interference Factor Balance‘d: =
".‘:— -y Phase A - B 9 65 a
= B-C 9.69
P C-A 9.69
" LL_Héximum Wave Form Deviation Factor i
%

100% volts 1.1%
~ . “‘Réhctances
-;'.i.r- o Negative Sequence Reactance
il Zero Sequence Reactance
i Direct Axis Subtransient Reactance
sy Quadrature Axis Subtransient Reactance
i : PAGE 1
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INTRODUCTION 2k

e : #E
Pl This report records tests made from May 6 to May 24, 1952 on the hydraulic %
< turbine driven gemnerators rated 68 poles, 50,000 KVA, 105,9 RPM, 13800 volts, :

60 cycles, 0.9 power factor. Each generator is fumished with a direct
connected main exciter rated 10 poles, 290 KW, 250 wlts and a direct connected

pilot exciter rated 6 poles, 12 KW, 250 volts. . o
The General Electric Company serial numbers on the units in this power -
station are: . , T
Generator Main Exciter Pilot Exciter : 4
Unit #1 6638292 21,39697 - 2439698 : i
-Unit #2 . 6638291 2439095 2439696 LS =

Unit #3 6638290 24,39693 - 2439694 _ =

Unit #4 6638289 2439691 2439692 s P

Unit #5 6638288 2439689 24,39690 I

Unit #6 6638287 - 2439687 24,39688 o

i The generators are driven by Francis type hydraulic turbines manufactured oAt

¥ by the Baldwin Lima Hamilton Corporation and controlled by governors manufactured .
# =% by the Woodward Govemor Company. ; S Do 8

PROCEDURE OF TEST \ s : - | e

The A.I.E.E. Publication "Test Code for Synchronous Machines", June 1945
was used as the standard under which the tests were conducted, -

At the request of Mr. F, H, Wolf and Mr. Harris of the customer's :
. Nashville, Tennessee office, the overspeed test, three phase short circuit
test, residual telephone interfasrence factor, and resistancas of other units
.- were walved, Sepx s . ' 3 = L

A Owing to the extremely strong demand for power in this region and the need

~ for maintenance of continuity of service, it was deemed by the Corps of Engineers

“to be wholly impractical to uncouple the turbine and generator in order to e

" ascertain generator friction and windage. Friction and windage was, therefore,

estimated by assigning to the generator 2 test value in the ratio of the calculated

=" yalue of the generator friction and windage to the total calculated friction

" -+- and windage. The calculated friction and windage of the turbine was supplied _ 4
.t by the turbine manufacturer. . it A :

Instrument errors wers not consldered in the generatof tests, In making _.o—
' a-c measurements, all three phases were measured at the same time and an

" "average value used. . ‘

. Carbon copies of the original test data were given to the Corps of Engineers
. at Wolf Creek Dam, Copiles of instrument and instrument transformer calibration -
values were glven to the same personnelo

LS

DIELECTRIC TESTS OF ﬁLBHA‘IURE AND,FIELD WINDINGS

These tests were made by the General Electric Company erection supervisor
_prior to releasing the machines for commercial operation. Each geaerator armature
... \winding was given 28600 volts RMS for one minute and each field winding was glven
R e volts for one minute. '

-

" PAGE 2



RT-169549

RESI STANCE MEASUREMENT OF ARMATURE AND FIELD WINDINGS

_ A1l resistance measurements were rade with a General Electric portable
~ double bridge. The temperature of the windings was determinsd by mercury
%  thermomsters attached to the coils. The values were corrected to a base of

2500 ard are tabulated in the Summary, Page 1.

.
8
ol |
“k

'NO_LOAD SATURATION

Faiiey Generator unit 5 was driven by its turbine at rated spead with the neutral
.+ grounded and the armature leads open-circuited, Readings of field currant,

o ide armature voltage and speed were recorded for various values of field current ol
== =~ ynereased in successive steps. All points were taken on the ascending part - l
of the curva. Curve of the test results is on vage L.

SHORT CIRCUIT SATURATION

Generator Unit 5 was driven by its turbine at rated speed with the neutral

. grounded and with its terminals short circuited. Readings of fi=ld current,

" armature current and speed.were recorded for various values of #ield current. ... v aszmv
inereased in successive steps. Curve of the test results is on page 4.

SHORT CIRCULIT RATIO e g e e

ro The chort circuit ratio is defined as the field cuarrent necessary to.

. produce normal no load voltage divided by the field curremt necessary to

- produce normal rated current on_a 3 phase short circuit. From the saturation
and synchroncus impedance curves on page L, the short circuit ratio is as

- follows: - g 2

SCR = 545 = 1.210

" HEAT RUN

o The specifications require that a hsat run be m:de at rated voltage,
-~ current ard power factor. Since the system voltage could not be reduced,

.. the heat run was made at existing system voltage. The generator under test

*+ had been carrying rated load for several hours with an increased flow of
cooling water so that the cooling air temperature was approximately RZ°C.
The heat run was continued with this increased cooling water for three and one-
half hours at the value of load shown below., Data wers recorded every half

" hour until temperature leveled.

pkne welkE | . 14,750 -

Line Amperes : 1,960 S
Output KVA . 50,000
" Output KW . L5,6L8
Power Factor . 0,911
4 . Field Current 1,066
o ‘ Field Voltage 174

PAGE 3
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Air Out of Coolers °C 21,9

Air Out of Generator °C _ L1.7 |

Station Ambient ©C 2 :

Temperature Rise °C over Air out of Coolers 3 ; B
Stator Coils by-RTD G A Rt
Stator Coil End Turn by Thermocouple e 3740 : ' E i S
Field Coil by V/A ' _ 32,6 ' = R g
Stator Core by Thermocouple 29,1 !/ 5

Actual Temperature °C . o et _;:;;

Thrust Bearing by RTD . .
Thrust Bearing by Thermometer S L e :
- Thrust Bearing 0il by RTD A5 e T
" Thrust Bearing 0il by Tharmometer B e T R
- Lower Guide Bearing by RTD Lh
- Lower Guide Bearing by Thermometer 41
Upper Guide Bearing by RTD . 53 x
Upper Gulde Bearing by Thermometer _ - L9 ¢
Water Temperature °C e AL B S e O
- Water Supply e M 5 4 S N it aa e
" Thrust Bearing Return ‘ i . N ies R
_ Air Cooler Return ; . ‘ i1 3 R e ST

The cooling water supply to the alr coolers was reduced so that the airrr;i";fvif_;'
leaving the air coolers would be approximately ,0°C. Operation of the generator =

= . at thg same load was continued for another 5 hours until temperature leveled, .
2 Results of this heat run are below. ‘ LIS s R R

Line Volts 27 el SE 14,730 et

Line Amperes i 1,988 = AR e T
©  Oytput KVA : : s 80,800 | - PueSh M TR e
. i Output KW ; 55,950 Z= et G gt e
. Power Factor HTETE e GG e ' e e s
Field Current 1,068 ' %
- Field wvoltage . 187
. Air owt of Cooler, °€ 39.5 :
" Air out of Generator, °C 61.9 . 5
- . Statién Ambient, °C | 2605 ro : :

Temperature Rise OC over air out of coolers

“Stator coils by RTD 40,5

Stator coil ond turn by thermocouple ; 2.6

Field coil by V/A : 37

Field coil.by Thermometer (Shutdown) 5= =
Stator core by thermocouple 32.3

Stator core by thermometer (Shutdown) 315 -

Field Coil Connection by Ehermometer (Shutdown) 23.5

Actual Temperature, °C

Thrust Bearing by RTD 65

= Thrust Bearing by thermometer 65 -

,:dﬁgi?hrust Bearing oil by RID 36 . .
PAGE 5



- losses are not included in the determinations_or-generator efficlency.

.~ . -" The turbine of unit 5 was boupled but unwatered by draihiﬁg
- and closing the draft tube gates and pumping the water out of the draft tube

RT-169549

Thrust Baariﬁg oil by thermomster 37

Lower guide bearing by RTD LL
Lower guide bearing by thermometer i x
Upper gulde bearing by RTD : o

Upper guide bearing by thermometer = B3

Water Temperature, oc
Water supply 9
Thrust bearing return . - 13
Air cooler return 32

" CONVENTIONAL EFFICIENCY TEST

_ This test includes the determination of 12R losses in the armature and
field windings, friction and windage loss, open circuit core loss and short
circuit core loss or stray load loss. The exciter friction and windage is
included as a part of the generator losses, but other exciter and rheostat

FRICTION & WINDAGE LOSS 1 et
OPEN CIRCUIT CORE LOSS SR -
SHORT CIRCUIT CORE LOSS : 2

: Since the determination of these losses ié dlbaely rélated, they wili o
" be discussed together. - 2 ] T :

the penstock
to a level below the turbine runners

-~ Generator No. 6 was used as the driving unit and generator No. 5 as the

:;“driven generator under test. The exciters on generator No. 4 supplied the
% field excitation as required for generators 5 and 6.

With both units Nos, 5 and 6 at sfaﬁastill, the armatures were connected
together and approximately 8042 of no load field current was applied to each
generator. Generator No. 6 was started by its turbine and brought up to speed,

. generator No. 5 coming up in synchronism with it. The exciters of units Nos,

5 ard 6 were not energized during this starting period or during any of the
deceleration runs.

For the friction and windage runs the field current of both gensrators
was adjusted to approximately 80% of no load rated voltage field current and

.~ the speed of the units was increased to about 120 RPM, The field current was

reduced to zero and a trial deceleration run for friction and windage was
then made by taking periodic readings of speed and time. The speed of unit
6 was kept approximately 5 RPM below the speed of unit 5. At the conclusion

PAGE 6




RT-169549 -. =

of a run, field was applied to both units, and after the generators had
pulled into step, the speed was increased to approximately 120 RPM and the
sequence repeated. With a constant bearing temperature and friction, throee
friction and windage runs were made. The results are plotted on page 8 as
‘.-runs Nos, 1, 2, & 3, 15 bl

S For the open circuit core loss, the operating procedure was the same as
above, except that various values of field current were held on the test
machine during the deceleration runs Nos. 4, 5, 8 & 14. An additional

-ﬁgﬁff‘.friction and windage run No. 9 was made., Fcr results, see pages 9 and 8.

! The short circuit core loss or stray load loss runs werz made in a Afns

- _ similar manner except that after the armtures of the units had been electri~-. -

- cally separated, the field was removed from unit 5 and a short circuit applied
by means of a set of disconnects and air circuit breakers. _The field on unit

5 was increased to a decided value for the deceleration run. Immediately

after each run the stator resistance temperature detectors were read. Short .

circuit core loss data is plotted as runs Nos. 10, 11, 12 & 13. See page 10.. --

** CALCULATION OF LOSSES FROM DECELERATION CURVES i g et 2T B St

“#,?5?_ Paragraph 1.397, page 20 of the "A.I.E.E. Test Code for Synchronous I Eeeaa
.t “Machines", dated June 1945,contains the following expression for loss as 7 %

577 related to the inertia and rate of deceleration of a rotating body:

RN R O e > s s
0992’#& x 107° x WK< x By x e S e B e s A A

ol KW =
Ty = 13 o %
‘where KW = loss of rotating body in kilowatts £y -

W = weight &f the rotating body in lbs, : : S
k = radius of gyration in feet : R L
Ny = speed at which loss is to be determined -

s A" = some arbitrary increment of speed
T1 = time in seconds when speed is Ny + A.
Tz = time in seconds when speed is NM - A

" For these units the following values were used:

w2 58,000,000 (calculated Generator)

WK< = 3,300,000 (calculated Turbine)
Total WKZ = 61,300,000 ‘
M = 10509 RPM.
A =5RPM . ;

Substituting these values in the expression for loss, we obtain °

-

KW = 30,000
Tp-Ty

PAGE 7
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e RT-1695L9

For the loss runs described above ws may now form the follbﬁiﬁgltéblas: %

FRICTION AND WINDAGE / e emts b
. TABLE 1 T s

Rup Ho "l L 5000 = S KW
1 87 345
2 N o, o =, WA
Rl = 341 -
g —FiEeoeti e oo 3L A
: Average F & W = 342 KW - WiEs :
© OPEN CIRCUIT CORE LOSS
_ | TABLE 2 g e
" Bun No. T - - Ty KW BN (mw) LINE voms, :
e ~¢"'67 ;"“-~ans il e L BT olo;f_**' e g
g L G i 5305 560 A8 - - 11, ,400 - S T
g 2 8 <l O . 882 0 I 216,100
R R =378 TeEE g, 900
3 i SHORT cmcun CORE 10SS -~ -
5 = ~PABLE J i RS ST

"”-:(1) S - Al s ) T LI_I;E' Ai»'rrP's}""'"""
4 TR, - (W) e ema

s PR N e

- f:_;715 10708 A58 S 2A6h e

. 565 120.7 102.3 ~ - e ABQL i - it o
i T G m#s s iR Gl

The open cirﬁult core loss is obtained in Table 2 by subtracting from

?ﬁ eéch caleulated pcint a friction and windage loss of 3L2 KW, . s R s ,j;'?fir‘

SR

The short, circult core loss 15 cbtained in Table 3 by subtractlng thsz
friction and windage loss and an 1 R loss corresponding with tha measured

5 current and corrected armature ‘resistance for the run.

. friction and windage to the total calculated friction and windage.

The data for Tables 2 & 3 are plotted on nages 2 S ani lh,

GENERATOR FRICTION AND WINDAGE

(8

As prevxously agreed upon, the value of friction and windage to be
applied to the generator was in the proportion of the calculated generator

PAGE 11
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RT-169549

The calculated generator friction and windage was 210 KW, The calculated
. “turbine friction and windage was given as 171 Kw, The calculated additional
friction on ths thrust bearing due to carrying the weight of the unwatered °
" turbine during test was 6 KW. Therefore, the total calculated friction‘and o
" windage was 387 KW, .The portion assigned to the generator was 186 KW - < os s

ARMATURE IR LOSS AT 75°C

e The ai'mture‘copper loss is the product of 3 x line to neutral d-c armature
- resistance at-75°C and the square of ths armature line current. These valuea o™i
are tabulated in the Sumnary, Page 1. B e o U

FIELD IR LOSS AT 75°C

- - The field copper Joss is the product of the field resistance at 75°C ard
< -the square of the field current at a given load. The field current " for a
. ““specific load condition is calculated from the method outlined in paragraph
-51,522," page ‘25.0f the "A.I.E.E. Test Code for Synchronous Machines" dated = =
... - June 1945, . The Potier Reactance can be determined from the rsadings taken on
© %7 “the heat run by figuring from the method given in the reference, which is =
- .= used.in calculating the field current. This method gives a Potier reactance -
: s-.s'ofrk'ZI..,l% vhich was used in calculating field currerts given below and as used . & T
in the I2R field loss in the efficiency test. = et et e T

. ;'pentl':oa;d —M; , Field Current . .- - ,_-Fie-l“d Loss- , e e
e e Amperes : Kilowatts .
s ST LR 0.9 PF S R B AR

f25": e I e — e SR B by - §.8 Bazis

_—50 : ..;, 607 U ey, e S Ta e 61.”3 fi_:_:_i_.. 91;2,5”‘_. :

.15 e 89, 837 S L omacy =22,

1C0 e 21~ Y5k - 970 L oag,s - 16,

o e B 1054 12, . 19
:ﬂggp‘?"*‘“ E§5,*f. o 5 ey e T e LT RGO
s I»‘iiNE INTERF CE ?CTOR Rmc a2y -’3%3;'65 i T L R e

i vn

e .erat'dr*;__Né';,*_S:'i?éé:b;‘ier:atéd at rated speed and no .load rated voltage. N
The voltage between each phase (stepped down through potential transformers)
‘wase in tum impressed on the terminals of a standard telephone interference

bl = L"_féctorimt_er., " Balanced telephone interference factor is obtained from the

e expression: . -

Yed whereI 1st.hecurrent in mic;.ro'amperes in the meter branch of a- standard TIF R
meter and E is the voltage applied to the terminals of the TIF network. Readings
were taken at 100% voltage on the genérator terminals, The values obteined

* for TIF are as follows: - .
Phase A =B 9.65 _ R A e
Rl s O o 9.69 ) iy "
_. - o ,._lCl_A 9069 4 T e e e e i
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' The guarenteed maximum value of balanced telephone interference factor

“- WAVE FORM DEVIATION FACTOR

a4

, Generator No. 5 was operated at rated no load voltage and an oscillogram
of the voltage wave chape of each phase was made. Reproductions of the three
- phase’waves are included in this report. Values obtained are: :

e W yd :
PR 4 t .
e AL . &

veas k - B " 1.208

T B <~ €17 0,968 ' et SR 7
3 g~ & 0.96% : I e

- I RECT AND QUADRATURE SUBTRANSIENT REACTANCES

; A new method of securing direct and quadrature values of subtransient

- reactances and negative sequence reactance, as described in "Electrical
Engineering" for February 1952, was used.

; It consists of applying single ; e
#’phase power to each pair of line terminals of the generator in tumn and :
“measuring the line current and the applied voltage. The line current should

be kept below 50% of rated current to prevent overheating the ma

: chine, which
1s at standstill.— The field is short circuited for this test.

o From the thre
ratios_of line voltage.to line current the values of subtransiant reactance,

direct and quadrature,.may be obtained from the formulas given in the above
mentioned reference and-listed here. =¥

= e A R SO R TR i (C — A)2 - o= —"-V
K-A+B+C M= ][(B—K)“_"—a ER e

R

ere.A,~ B and C-are ratios of line volts to line amperes, taken in any order ~ =
o ST e g i bty : : v ; e

rf L, Y L Qg 2 S = : =L A
= stant offset or displacement compcnent of the sine wave
+ = Amplitude of the sine wave component

=K - M- ohms.. '

, “To obtain -per-unif;"ialues of reactance the above ohmic values were
Imultiplied by the ratio of the rated stator amperes per phase to-the rated

e R T
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Results dbtainad from the test results produca the iollowing per unit 7“'.- : ;%;
quantitiea. Nty

,::_:’ :_ﬁ =l°235 <‘

NEGATIVE SEQUENCE REACTANCE

. ' Generator No, 5 was connected so that a line-to-line short circuit was
_ . applied between phases B and C as illustrated on the wiring diagram on page  °
vEHRg, . SCAn ammeter was’ connected to a current transformer in vhase C to read
' “ the current I as shown.: . A voltmeter was connected across the terminals-of a
- potential transformer to read the voltage V from phase A to the short circuit

4

*

_é;ji’ as shown. A wattmeter was connected to read the product of the in-phase- S
component of current and voltage. These meters were read for varioua values

" of field current and that reaults are plotted on page 189

i

g The per ‘unit’ vaiue of negative sequence reactance X5 can be calculated ok
-‘from these readings by means of the formula glven in paragraph 1.884, page 37

= wattmete" reading“in penhunlt based on rated phaae volt amperes o
measured curre1t in per unit based on rated phase current

" ’T"Using this formula ‘at rated armature current, a value of 00330 per unit i

7. 1s obtained.. ' As previously noted a value of O. 350 per unit is obtained from =~ ‘7 -
-~ the test for direct ard- quadrature axis subtransient reactances. An average "

”__value of 0.34 per. unit is used in the Summaﬁy. ' St < e R ma | aleg el

LR SR S s
i A second method to detarmine the negative sequence reactance is given in

tt?f::baragraph 1.887, page 37 of the Test Code. This method uses the above data
and the synchronous impedance curve on page 4. The value of X, is determined

from the fbllowing relation: ; : _ A s SEEE
(U? Ir-'sxs - st) | g
FG

where IfG = field current corresponding to rated voltage on the air gap
line of the no load~saturation curve,

P e R - PAGE 17 - Sy R T e
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IFSIS = field current necessary to produce rated line current in
a ]_'lna-to-line short circuit saturation test. : oe

, S IfSI = field current. necessary to produce rat.ed line cur'rant on r;;:.':: S
iy . a three phase short circuit, - ~ T e

' Using values of Ipg, Ipsrs and lpgy from pages 4 and 18 the valus or-iis
xz may be calculated from the above formula to be 0,301 per unit. Considering

the previouu values of Kg, this value seems too low to be considered.

ZERO SE\.LUENCE REACTANCE

_ . Generator No. 5 was connected so tha* a 1ine-t.o-lina to neutral short
circuit was applied between phase B and C, Current transformers and ammeters
: wers arranged to read the line current and the neutral current. A potent.ial
w7 e _transformer and voltmeter were connected to measure the voltage from line A
t.o neut.ral as:s shown 1n the wiring diagram on page 20 ;

T e

"+ The zero sequence reactapc xo can be determlned by means of the formula P .
given in paragraph 1, 891., page 38 of the A.L, E E, Test Code previously e ATl T )
mentioned N E o

—
o

T
S R BRSSP L - e

per unit. neutral current based on rated phase current A

..- T :!'if _- g & e PAGE 19
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